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PERMOS - a comprehensive monitoring network of mountain
permafrost in the Swiss Alps
Abstract
Permafrost Monitoring in Switzerland (PERMOS) has been built up since the early 1990s. After a
6-year pilot phase starting in 2000, PERMOS has taken root. In 2007, all potential PERMOS elements
were evaluated based on the criteria and categorised into (A) approved element, (B) element subject to
verification in the next two years, and (C) no PERMOS element. The concept “PERMOS 2007” was
updated and adapted accordingly. All approved elements will fulfill defined technological and
methodological standards. Hence, in 2010, PERMOS will be a sound, sustainable observation network
with two types of PERMOS stations: (1) drill sites building the basis of the monitoring network, and (2)
kinematic sites, where systematic observations of permafrost geomorphodynamics are performed,
allowing for an integral assessment of the permafrost state in the Swiss Alps. PERMOS is presently
active in four regions: Upper Engadine, Bernese Oberland, Matter Valley, and “Quatre Vallées.” 
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Abstract
Permafrost Monitoring in Switzerland (PERMOS) has been built up since the early 1990s. After a 6-year pilot phase 
starting in 2000, PERMOS has taken root. In 2007, all potential PERMOS elements were evaluated based on the 
criteria and categorised into (A) approved element, (B) element subject to verification in the next two years, and (C) 
no PERMOS element. The concept “PERMOS 2007” was updated and adapted accordingly. All approved elements 
will fulfill defined technological and methodological standards. Hence, in 2010, PERMOS will be a sound, sustainable 
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and (2) kinematic sites, where systematic observations of permafrost geomorphodynamics are performed, allowing for 
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Introduction
PERmafrost MOnitoring Switzerland (PERMOS) has 
taken root and passed from first steps in the 1990s (Haeberli et 
al. 1993) through its pilot phase (2000–2006) (Vonder Mühll 
et al. 2001, 2004) and has now reached its implementation 
phase (2007–2010).
Low-latitude high-altitude mountain permafrost is 
governed mainly by climate conditions, in particular mean 
annual air temperature but also snow precipitation. Climate 
change therefore has an impact on mountain permafrost that 
is also an important indicator for environmental changes. 
According to IPCC assessments (IPCC 2007), circumpolar 
but also mountain regions will be affected much more 
strongly than the global average. Therefore, the Global 
Terrestrial Network for Permafrost (GTN-P) that is currently 
being established within the worldwide climate-monitoring 
program (GCOS/GTOS) of the World Meteorological 
Organization (WMO) and others (FAO, UNEP, UNESCO, 
ICSI) increases in importance. PERMOS is one early 
component of GTN-P. Moreover, it complements the glacier 
monitoring network in Switzerland, which was already 
established towards the end of the 19th century.
In contrast to glaciers and snow, systematic scientific 
investigation of Alpine permafrost only was started in the 
early 1970s by the Barsch group of the University of Basel. 
Since the late 1980s and after the drilling through the Murtèl-
Corvatsch rock glacier in 1987 (Haeberli et al. 1988; Vonder 
Mühll & Haeberli 1990), a number of Swiss institutes started 
performing research on low-latitude mountain permafrost. 
An important and valuable contribution was the EU-funded 
project PACE (Permafrost and Climate in Europe; Harris 
et al. 2003). These various activities formed the basis for 
establishing PERMOS, which officially started in 2000 
under the umbrella of the Swiss Academy of Sciences (SAS) 
with support of the Federal Office for Environment (FOE) 
for a pilot-phase which ended in 2006.
As for the four years from 2007 to 2010, the Federal 
Office for Environment, the Swiss Academy of Sciences, 
and the Federal Office for Meteorology signed a contract 
to implement PERMOS within the responsible federal 
monitoring structures in Switzerland. This means that after 
an evaluation, the PERMOS-approved sites will be updated 
to a technological and methodological standard, and a 50% 
position is financed for coordination and reporting.
Goals and Strategy
The main goal of PERMOS is to document the state of 
permafrost in the Swiss Alps on a long-term basis, and hence, 
temporal permafrost variations. In fact, this is perfectly 
complementary to the glacier monitoring network. The 
Cryosphere Commission of the Swiss Academy of Sciences 
is presently setting up an integral cryosphere monitoring 
concept which includes all relevant parts of the Alpine 
cryosphere: snow, glaciers, and permafrost.
As simple as this task is to formulate, as difficult it is to 
implement. In contrast to glaciers and snow, permafrost 
is invisible. Moreover, permafrost characteristics change 
within short distances in low-latitude mountain regions such 
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as the Alps. The observed parameters were chosen according 
to the “Priorities for Global Geocryological Database 
(GGD),” released by the IPA resolution in August 1995 
(Hegginbottom 1995, Table 1). The strategy has been set 
up in a pragmatic way; PERMOS is based on infrastructure 
(equipped drillings, ground surface temperature sites, and 
observation of permafrost creep at various rock glaciers) that 
was established within research projects. New and explicit 
PERMOS sites will be placed only after available and 
existing stations are updated to a common standard. New 
stations will be located in regions where gaps occur. Ideally, 
each climate region of the Alps is covered by four PERMOS 
stations.
Pilot Phase (1990s–2006)
The pilot phase aimed to (1) ensure continuation of 
established time series, (2) check, improve, and adapt 
observations, and (3) propose a monitoring concept that 
allows maintenance over decades.
Initial PERMOS observations
In 1999, three items were defined to be observed during 
the pilot phase:
borehole measurements (temperature, deformation)(1) 
lower boundary of permafrost distribution (BTS)(2) 
aerial photographs to document surface (3) 
characteristics
After three years, first corrections were made based on 
gained experiences of the monitoring and ongoing research 
projects: (a) drill sites will be complemented by permanent 
electrodes to regularly record Electrical Resistivity 
Tomographies (ERT) following the principles according 
to Hauck and Vonder Mühll (2003); (b) it turned out that 
the annual lower boundary of permafrost distribution could 
not be determined by combining the bottom temperature 
of the snow cover (BTS) and ground surface temperature 
(GST). Consequently, permafrost pattern is determined in 
few areas every 10 years only. In addition, GST sites were 
complemented with a number of single-channel-temperature-
loggers mounted in steep walls (Gruber et al. 2003); (c) 
Creep processes and behaviour of alpine rock glaciers are 
only poorly understood so far. However, recent studies 
(Kääb et al. 2006, Roer 2003) indicate that creep velocities 
vary considerably (see Fig. 1). Arenson et al. (2002) report 
even annual variations. Therefore, creep velocity of selected 
rock glaciers shall be determined by photogrammetry and 
geodetic surveys.
Types of PERMOS Sites
Following the adaptations and in discussing the monitoring 
results, it was decided to focus on two types of PERMOS 
sites: drill sites and kinematic sites.
Drill sites 
Each drill site of PERMOS shall be composed of:
One or several borehole(s) that is (are) at least some •	
15 m deep, equipped with a thermistor string attached 
to a data logger. Sensors are recommended to be at the 
following depths [m]: 0.0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.5, 
3.0, 4.0, 5.0, 7.0, 9.0, 11, 13, 15, 20, 25, 30, 40, 50, 60, 
70, 80, 85, 90, 92, 94, 96, 98, 100 with temporal interval 
of 6 hours down to 5 m depth, farther down, once every 
day. 
Snow thickness and air temperature shall be measured •	
as a minimum for climate parameters.
Geophysical monitoring consists of at least 20 fixed •	
installed electrodes to regularly record ERTs. 
Single-channel-temperature loggers recording ground •	
surface temperatures in at least 15 spots with (flat and 
oblique) and without (steep rock walls) a snow cover 
in winter in the region (distributed at various altitude, 
exposure, locality within a few kilometers).
Table 1. “Priorities for GGD” according to the IPA- resolution of 
August 1995 (Hegginbottom 1995, p 13).
Figure 1. Creep velocities of seven rock glaciers determined by 
photogrammetry (Kääb et al. 2006). Note the marked variations, 
e.g., of Muragl rock glacier.
voNder mühll, Noetzli, aNd roer  1871 
Kinematic sites
Rock glacier creep is observed either by photogrammetry 
using aerial photos, by geodetic survey, or differential GPS. 
Each rock glacier is equipped individually according to the 
applied methodology and movement pattern. 
PERMOS 2007–2010
The updated concept was discussed, elaborated, and 
approved by the PERMOS community. A comprehensive 
evaluation of each potential PERMOS element was 
conducted in 2007. 
Evaluation and applied criteria
During the pilot phase, each potential monitoring element 
was included and, to a limited amount, financially supported. 
While at the beginning of the pilot phase only few sites 
were available, the number increased. Consequently, each 
potential element was evaluated according to various criteria. 
Approved elements shall be recorded for the next several 
decades. The base line was to continue rather few elements 
on a standardized high quality and technology level and to 
omit redundancies.
The following set of criteria was elaborated within the 
expert Cryosphere Commission SAS: 
Relevance towards the overall aim to document the (a) 
permafrost state in the Swiss Alps; 
Importance towards society and politics; i.e., (b) 
contribution to understanding issues related to 
environment, climate change, and natural hazards;
Importance for research and academic education; (c) 
Feasibility in terms of accessibility. (d) 
In addition, time series were assessed according to length 
and temporal resolution, quality (accuracy, gaps), site 
characteristics, representativeness, accessibility, contribution 
to the GHOST tier structure (Cilhar et al. 1997), additional 
parameters available, and particular remarks.
The evaluated elements were allocated to one of the 
following categories:
(A) PERMOS approved: the element will be recorded for 
the next several decades, and a large part will be funded by 
PERMOS. The site will be updated to the technological and 
methodological standard.
(B) Retention: the element is part of PERMOS. Particular 
requirements and open questions are addressed. The element 
will be re-evaluated in 2009.
(C) Rejected: the element is rejected and no longer 
financially supported by PERMOS. It is up to the institution 
to continue the time series.
Network in 2007
In the evaluation, all drill sites that are not fully equipped 
according to the above-mentioned composition were B-rated, 
and similarly most “GST sites.” Within the updated concept, 
these two elements will be merged into one “drill site” until 
2010. Presently, PERMOS consists of 9 A-rated drill sites, 
9 A-rated GST sites, which will be updated and transferred 
into “standard PERMOS drill sites.” All B-rated elements 
(6 drill sites, 3 GST sites, and 5 kinematic sites) are subject 
to additional installation or further strategical aspects and 
a re-evaluation in 2009 (see Table 2). Figure 2 shows the 
geographical distribution of the elements in 2007.
PERMOS Partners
A comprehensive monitoring network must be set up 
among interested partners from academia and administration. 
Academia provides the permafrost know-how and the 
link to ongoing research projects, while administration is 
responsible for monitoring and provides political links.
The pilot phase allowed for setting up a concept with 
parameters and elements that could be adapted according to 
gained experiences and new research results. After some 15 
years, PERMOS complements the Swiss glacier monitoring 
network and Swiss snow observation, data of which all are 
being complied to contribute to cryological monitoring. 
In general, funding institutions are skeptical to invest in 
monitoring programs, since they cannot fund “infinite” long-
term projects. Also, universities cannot carry such programs, 
since their core activities are research and education. 
However, both research funding institutions and universities 
were key to setting up PERMOS. Research projects funded 
by the Swiss National Science Foundation (SNSF) and the 
European Commission, and from ETH Zurich and SFISAR 
Davos also, have established important milestones without 
which PERMOS would not exist. Still, the maintenance of 
the elements is being carried by the university institutes and 
has been supported since 2000 by the financing partners. 
In fact, the success of PERMOS is based on a go-together 
of the academic institutions involved in permafrost research 
in Switzerland and the financial support of the SAS: 
University of Zurich (coordination), ETH Zurich, SFISAR 
Davos, the Universities of Berne, Fribourg, Lausanne, and 
the Academia Engadina Samedan.
This, in turn, triggered the commitment of the authorities, 
which are officially in charge of climate and environmental 
monitoring: the Federal Office for Environment (FOE) and 
the Federal Office for Climatology (MeteoSwiss).
Monitoring Results
Most important results from monitoring consist of 
comparing elements from one time interval to another. 
However, many details of involved processes that are 
modeled are based on data provided by monitoring sites. In 
particular, numerical and statistical models are calibrated 
using one part of monitoring data. It is therefore neither 
possible nor intelligent to distinguish or separate permafrost 
monitoring and research.
PERMOS drill sites are located in different terrain and 
lithologies. Murtèl-Corvatsch is a rock glacier site with a 
coarse, blocky surface layer and permafrost below the active 
layer consisting of almost pure ice. The Schilthorn drill site is 
on schist bedrock with a shallow weathered clay-rich debris 
layer of some decimeters in thickness. The same climate 
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Figure 2. PERMOS sites in 2007 where different parameters are measured.
Table 2. PERMOS elements 2007.
(1) Drill sites and GST sites   
Name borehole  GST
Flüela A A
Lapires  A A
Murtèl-Corvatsch  A A
Schafberg / Mt Barba Peider A A
Schilthorn A A
Gentianes A/B C
Matterhorn A/B C
Stockhorn A/B A
Tsaté A/B C
Arolla / Mt. Dolin  B B
Dreveuneuse  B C
Gemsstock  B C
Les Attelas  B C
Muragl B C
Jungfrau  B/C A
Alpage de Mille / Aget  C A
Gemmi  C A
Réchy  C B
Yettes Condjà  C B
(2) Kinematic sites  
Name   air photo     terrestr 
surv
Gemmi-Furggentälti A yes
Gruben  A no
Muragl A yes
Murtèl  A no
Réchy  A yes
Gianda Grischa B no
Gross Gufer B no
Turtmann Grueo1 B yes
Yettes Condjà B yes
Suvretta B/C no
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signal causes different reactions of the thermal regime at 
such different locations.
Process understanding
In winter 2006/2007, snow cover was only thin, and mean 
monthly temperatures were 1°C to 3°C warmer than normal. 
Permafrost temperatures were influenced differently: in 
steep walls where snow cannot accumulate, air temperatures 
caused a warming. At permafrost sites with usually a 
significant snow cover, lacking snow led to a cooling of 
subsurface temperatures.
Active layer
The thickness of the active layer is mainly influenced by 
summer weather conditions. Recorded in summer 2003 was 
an active layer almost twice as thick as in the years before 
and afterwards (Fig 2). Within PERMOS, maximal active 
layer thicknesses and the corresponding date are recorded. 
Several PERMOS sites are integrated into the CALM 
network (Brown et al. 2000).
Permafrost temperatures
Permafrost temperatures at about 10 m depth are 
Figure 3. Depth and date of the active layer thickness at borehole Schilthorn 51/1998. In the extremely warm summer 2003 permafrost thawed 
down to almost 9 m.
Figure 4. Permafrost temperature of a number of PERMOS elements at about 10 m depth.
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characterized by a nice sinusoidal shape and a phase lag 
of about half a year. High frequency “noisy” parts of the 
temperature signal are largely filtered out, and differences 
of the various localities are damped as well. Therefore, these 
graphs are used for comparison of the various drill sites and 
also to determine region-specified trends.
Figure 4 shows a compilation of temperatures at about 
10m depth from a number of drill sites, all located on flat or 
oblique terrain with a snow cover in winter. At these sites, 
snow characteristics govern mainly thermal regime.
Conclusions
A comprehensive monitoring network must be set up 
among interested partners from academia and administration. 
Academia provides the permafrost know-how and the 
link to ongoing research projects, while administration is 
responsible for monitoring and provides political links.
The pilot phase allowed for setting up a concept with 
parameters and elements that could be adapted according 
to gained experiences and new research results. After some 
15 years, PERMOS has found its place by complementing 
the Swiss glacier monitoring network and Swiss snow 
observation, data of which all are being complied to 
contribute to cryological monitoring. 
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